Most doctors think that after a patient has a stroke, recovery only happens for 6 months to a year; after that there is no point in continuing with rehabilitation therapy. We described a patient who had a severe stroke at age 15 and was left with a completely useless left hand. Then 23 years later, after he started swimming regularly to lose weight, he had some movement in the fingers of his left hand. He began intensive therapy with exercises using a special glove, and now, 37 years after the stroke, he is still improving. The way his brain "rewired" itself all over both sides of the brain is shown with a special imaging method called functional magnetic resonance imaging. This means that intensive physiotherapy and maybe new approaches to brain recovery including stem cell therapy, need to be tried much longer after the stroke than we used to think.
INTRODUCTION
What most doctors believe is that after a stroke, the patient can only recover for a short time, such as 6 months or a year. Young children who have strokes recover much better than people who have strokes as adults.
STROKE
Sudden loss of function of part of the brain. This may be due to a hemorrhage (a bleed) into the brain, or due to blockage of a brain artery by a clot. This is a story of a man who had a stroke at age 15 and had no use of his left hand until he began to recover 23 years later, after taking up swimming to try to lose weight [1] . He is still improving 37 years after the stroke. His story gives hope for recovery much later than we thought possible, and suggests that intensive physiotherapy, and maybe new approaches to brain recovery such as stem cell therapy might improve recovery long after a stroke [2] [3] [4] [5] .
THE STROKE
In 1979, when he was 15 years old, a boy was going by train from his home in Windsor, Ontario, Canada, to join his parents who were visiting in Toronto, Ontario. He got off the train, carrying a heavy suitcase by his right hand. He walked the length of the train platform, down stairs, across the train station, then up stairs and across a wide plaza to where his parents were waiting to pick him up. He lifted the suitcase up into the trunk of the car, and got into the back seat. About 30 seconds later, as his father was making a left turn about a block from the train station, he fell over in the back seat, unconscious. He was taken to hospital in Toronto, and then a couple of days later was transferred to my hospital in London, Ontario because it was closer to his home.
It turned out that he was born with an extra rib in his neck called a cervical rib https://en.wikipedia.org/wiki/Cervical_rib. This is a rare abnormality; it happens in about 1 in 500 people, and strokes from this are very rare. The heavy suitcase had pulled his collar bone down onto the extra rib, pinching the artery to his right arm for long enough that the blood clotted. The clot backed its way down into the main artery that goes to both the brain and the arm on the right side. Then pieces of the clot went into the main artery to the front of the brain as well as into the artery that goes up through the bones in the neck to the back of the brain, and he had a severe stroke (Figure 1 ).
I was very worried, because besides the stroke, the artery to the right arm was blocked, and the blood supply to the right arm was very poor-I was concerned that we might have a 15-year-old boy with no use of either hand. So we treated him with drugs to prevent blood clotting in the hope that the blood flow to the right arm would return in time to save the hand, even though we were worried that this might cause him to have a bleed into the part of the brain that was softened by the severe stroke. It was a scary weekend, waiting to see what would happen.
Fortunately, the blood flow to the right arm recovered. However, he was left with a very severe stroke, with no movement at all in the left hand. He made some recovery over a few months, so he could walk and had some movement of his left shoulder, and he go back to school, but his right hand remained completely useless for 23 years.
STEM CELLS
Cells that are very primitive, that can develop into any kind of cell in the body.
THE BEGINNING OF THE RECOVERY
He was overweight, so in 2001 I advised him to do some exercise to lose weight. He took up regular swimming, and a year later when he came back, he told me that he had noticed some movement in the fingers of his left hand, 23 years after the stroke. This was unheard of, so I called Dr. Dan Hanley at Johns Hopkins medical school in Baltimore to ask him what he thought was going on. He was very interested, because in his brain recovery center they had recently been using repeated movement of the large muscles of the shoulder and arm to try to improve recovery of hand function. He recommended that the patient try a physiotherapy device called a Saeboflex glove, that has small springs putting tension on the fingers: https://www.saebo.com/saeboflex/.
PROGRESS IN STROKE RECOVERY
With intensive physiotherapy using the Saeboflex glove, his left hand movement kept gradually improving, so that after a few years he was able to even pick up coins. He had slow but steady improvement of his hand function, that is still improving in 2018, more than 37 years after the stroke.
HOW COULD THIS HAPPEN?
What happens is that the brain sort of rewires itself. Nerve cells sprout extensions that spread out and connect with nerve cells in other parts of the brain. This allows other parts of the brain to take over the jobs that used to be done by the part of the brain that was damaged.
You can see this in Figure 2 , showing results of a study called a functional magnetic resonance imaging (MRI) scan. MRI scans use a very powerful magnet that switches on and off. When the magnet switches on, it makes atoms in the cells spin to line up with the magnetic poles of the magnet. When the magnet switches off the atoms spin back, and they give off radio signals that can be detected and mapped, so that images of the brain can be made: https://en.wikipedia.org/wiki/Magnetic_resonance_imaging. Functional MRI assesses changes in blood flow in different parts of the brain during brain activity. The figure is explained in Box 1.
By detecting increases in blood flow in a part of the brain during activity, it is possible to map where in the brain the "rewiring" has happened. For example, the part of the brain where vision happens lights up when patients are shown something like a flashing checkerboard. One famous example is blind people who can "see" by making clicking noises and listening to the echos. This is called echolocation, and is like how bats see in the dark. It turns out that in people who are good at this, the part of the brain where vision normally occurs lights up when they are listening to sounds: http://www.cbc.ca/radio/quirks/sept-23-2017-1.4302012/ watch-this-blind-man-see-the-world-with-sound-1.4302029.
MAGNETIC RESONANCE IMAGING (MRI)
A very strong electric magnet is switched on and off in the scanner; atoms in the body line up with the magnetic pole and then spin back, giving off radio waves that can be used to locate them to make a picture. 
VERTEBRAL ARTERY
One on each side at the back of the neck; they run up through the bones of the neck to the back of the brain, and then join to form the basilar artery, at the base of the brain. These are the arteries that are injured in chiropractic manipulation, or in car accidents, causing strokes at the back of the brain.
CAROTID ARTERIES
Two large arteries in the front of the neck; they supply blood to the front of the brain. (Panel C of Figure 1 ).
WHAT DOES THIS PATIENT'S LATE RECOVERY MEAN?
In the past it was believed that because recovery after a stroke was all over and done by 6 months to a year, there was no point in trying to persist with treatment such as physiotherapy to try to get more improvement. This patient's recovery, that began 23 years after a severe stroke and kept improving over another 14 years, gives hope to stroke patients and perhaps to patients with other kinds of brain injury. The hope is not only for improvement with intensive physiotherapy but also for new approaches to brain recovery that are being tested.
There is always more to learn, and more research to be done. That is what makes research fun. Panel B. When he was asked to open and close the fingers of his previously paralyzed left hand, the red areas of the brain show activation in many areas on both sides of the brain, including the motor area on the left side of the brain (arrow 1), the sensory and motor cortex on both sides of the brain (arrow 2), and the supplementary motor cortex on the left side of the brain, and both sides of the cerebellum (arrow 3). This means that his brain had "rewired" itself using many different areas on both sides of the brain.
BOX 1 CEREBELLUM
The part of the brain that coordinates movements; like muscle memory. (Shown by arrows marked 3 in panel B of Figure 2 ).
BOX 1
Explanation for Figure 2 .
MOTOR CORTEX
The part of the brain that initiates movement; shown by white arrow 2 in panel A of Figure 2 .
SUPPLEMENTARY MOTOR CORTEX
A small area in the brain that also is involved in movement; often automatic movements. (Panel A of Figure 2 ).
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